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INTRODUCTION {#sec1-1}
============

Multiple sclerosis (MS) is a chronic, debilitating, and neurodegenerative autoimmune disease that attacks the central nervous system (CNS). The autoimmune reaction causes scarring (sclerosis) of the nerve and interruption of the conduction of nerve impulses from the brain along the spinal cord and to the rest of the body.

MS results in damaging the oligodendrocytes, which cover the axon of CNS neurons and therefore interferes with the neuronal transmission. The degree of demyelination, inflammation, and glial reaction that occurs in MS causes the variation in severity of the symptoms.\[[@ref82]\] MS subtypes are a form of classifying the different types of MS, which may differ in disease severity. Standardized clinical stages of MS are divided into four categories, based on clinical criteria, frequency of clinical relapses, time to disease progression, and lesion development on magnetic resonance imaging (MRI). These include relapsing-remitting MS (RRMS), secondary-progressive MS (SPMS), primary-progressive MS (PPMS), and clinically isolated syndrome (CIS) which is a subgroup of RRMS.\[[@ref24]\]

The onset of symptoms occurs in individuals from 20 to 45 years of age and results in progressive neurological dysfunction. Almost two and a half million people worldwide and more than 700,000 individuals in the United States are living with MS with prevalence rates varying widely in different regions.\[[@ref53],[@ref96]\]

The incidence and prevalence of MS are greater in higher latitudes farther from the equator and more frequent in females than in males with a ratio of 4:1.\[[@ref27]\] In Puerto Rico (PR) the estimated prevalence of MS in 2014 was 42/100,000 and in Central America and the Caribbean ranged from 4.4 to 30/100,000.\[[@ref18]\] Studies have shown that there is a growing incidence of MS in PR with an incidence of 6.7/100,000 and a prevalence of 70.6/100,000 (95% confidence interval \[CI\] 67.4--73.7) in 2016.\[[@ref19]\]

MS is incurable which makes the goal of the treatment to slow down the progression and alleviating the symptoms. Disease-modifying medications are used to reduce transient episodes of neurologic disability and limit the accumulation of focal white matter lesions on MRI.\[[@ref46]\] The treatment of MS depends on each individual patient's clinical presentation.\[[@ref79]\] Most of the treatments such as disease-modifying therapies (DMT) focus on reducing the relapse of the disease and are commonly used in patients with RRMS or SPMS.\[[@ref79]\] At present, there are around 12 DMTs approved by FDA for the treatment of MS due to the progressive understanding of the pathophysiology of the disease.\[[@ref16]\] DMTs are associated with a lower long-term risk of MS progression.\[[@ref15],[@ref49]\] Studies have shown that MS patients currently have a longer life expectancy due to earlier treatment management and consequently slower or even prevention of brain damage. MS leads to progressive brain atrophy; therefore, clinicians believe that treatment must be given before MS leads to irreversible brain damage.\[[@ref16]\]

Corticosteroids have been also one of the most reliable first choices of treatment for several years, they have been useful in both accelerating recovery, and shortening the duration of relapse.\[[@ref79]\] Decreasing the frequency and severity is the goal of treatment in some MS patients such as those diagnosed with RRMS. In the case of SPMS the choice of treatment is to avoid continuous deterioration of the patient's health status. A European study found that there is a delay in neurological deterioration in SPMS patients who use interferon beta- 1b. They observed reductions in number of steroid courses needed, number of admissions to the hospital, and time to develop into a wheelchair-bound.\[[@ref78]\]

Adherence is one of the most important factors to further increase the probability of treatment success in MS patients. A study from Al-Sabbagh *et* *al*. observed that patients with 90 or more days of gaps between therapies showed around two-fold greater risk of a severe relapse of MS.\[[@ref2]\] By ensuring treatment adherence, patients receive the maximum benefit and therefore a better outcome from these medications. Treatment adherence to prescribed regimens for MS also leads to prevention of health cost inflation and a decreased risk of treatment failure.\[[@ref76]\]

Some of the important factors that could cause the delay in the process of providing MS patients with appropriate therapy include insurance companies' authorization process, availability of the drugs in local pharmacies, and lack of knowledge about MS disease among the health administration clerks. One of the most prevailing obstacles for both neurologists and MS patients in Puerto Rico is the long delay in receiving the medications. This could be also due to a lack of medical insurance coverage, making this one of the most important determinant factors that impact the overall health of patients with MS. This prolongation to start treatment leads to more exacerbations of their symptoms and an irreversible shift to a higher stage of the disease.\[[@ref55],[@ref100]\]

Puerto Rico's Government Health Care and Plans are constantly being reformed due to the economic situation in the Island, and this creates enormous issues when citizens seek medical assistance and treatment. In 2014, Puerto Rico had the highest health insurance coverage rate of about 94% while in the US mainland coverage at that time was about 88%. Even though a high percentage of Puerto Ricans had health insurance coverage, only 36% received insurance through private providers; the rest had publicly funded insurance.\[[@ref84]\] Publicly funded insurance plans usually cause certain limitations and delay to immediate health assistance for patients with chronic illnesses. This is due to the need for primary physician referrals for obtaining special studies and visits to specialists. Insurances in the Island have a managed care model that has to approve certain services or specialist referrals. Submitting these type of requests by primary physicians take time to be processed, and it may end up being declined with no explanation to the patient, leaving patients without the medical attention they need.\[[@ref77]\]

Once patients are diagnosed and approved to start the treatment, many other issues may arise. Many insurance companies will deny patients' prescribed DMT due to insurance company preferring a more affordable drug than the one prescribed by the physician.\[[@ref11]\] Having a specific prescription denied to a patient elongates the process of starting treatment since this will begin a process of appeal, which may take days to months. Another factor that may delay treatment initiation is the availability of the drug or the time it takes to receive the medication in the Island due to its geographic location. Unfortunately, there has not been any study regarding the cause of such delays in more details.

In addition to the variation of quality of treatment, multiple studies show variations in prevalence, comorbidities, clinical, and demographic features of MS among different populations. Like many other autoimmune diseases, race and ethnicity are known as important factors on disease phenotype, clinical outcomes, and associated comorbidities.\[[@ref99]\] For years the comorbidities of MS patients have been under study, some comorbidities such as diabetes and hypertension have been found in similar prevalence in the general population in comparison with MS patients.\[[@ref65]\] It has also been found that comorbidities are associated with socioeconomic status in MS patients and they tend to have an average of 1.2 more chronic conditions than the rest of the population.\[[@ref14],[@ref54]\] These diseases impact the health-related quality of life of the MS patients and aggressively treating them could potentially improve it.\[[@ref59]\] In a study performed by North American Research Committee on Multiple Sclerosis (NARCOMS) in 2006, 77.1% of the MS patients reported having at least one comorbidity.\[[@ref54]\] The pre-existence of comorbidities within MS patients has been attributed to delay of MS diagnosis. In other words, comorbidities can mask MS by physicians attributing common MS symptoms to other existing conditions.

There is limited data about MS patients in underserved groups, including Puerto Rico. In this study, we analyzed Puerto Rican MS patient's specific symptoms based on data provided by the Caribbean Neurological Center. Furthermore, we evaluated the exacerbation of their symptoms as the result of the delayed time in receiving their medications. Finally, we analyzed the wide variety of comorbidities associated with Puerto Rican MS patients. Our objective was to provide significant findings that will result in an earlier diagnosis as well as an immediate treatment option for MS patients. This study can serve as a stepping stone to adopt new methods of how to improve the quality of MS patients' life by the early diagnosis as well as treatment.

METHODS {#sec1-2}
=======

This retrospective cohort study focused on MS patients from Puerto Rico. The study sample consisted of 325 MS patients that visited the Caribbean Neurological Center when they were initially diagnosed with MS any time from the years 2014 to 2019. The electronic medical record contains demographic information, patient's vital signs, medical history, family history, social history, recent and past prescribed medication, Expanded Disability Status Scale (EDSS), initial MS symptoms, number of relapses, Vitamin D3 status, MS subtypes, and diagnostic test results. Patient written consent was not required for this study since the datasets were without personal identifiers. The studied data did not include any identifiable information such as names, addresses, date of birth, social security numbers, driver's license numbers, and telephone numbers. The study protocol was approved by the San Juan Bautista School of Medicine Institutional Review Board, Caguas, Puerto Rico.

The raw data were analyzed using R software. For all associated symptoms or comorbidities, data were collected as binary objects, "1" for the existence of a disease or symptom and "0" when it was not present in a patient. To obtain the amount of treatment delay, we calculated the average number of days between the time patients was diagnosed with MS and the time patient obtained the prescribed medications for all MS patients in our dataset. We also performed a comprehensive literature search on characteristics of MS patients from the US and created a table that compares their disease characteristics and comorbidities with MS patients in PR.

For MS patients from the US, we used multiple resources/ references in our tables to find the corresponding characteristics and comorbidities. However, for the graphs, we used the most recent study to compare the two populations.

RESULTS {#sec1-3}
=======

Our sample of 325 MS patients from the Caribbean Neurological Center database consisted of 75.9% females and 24.1% males. The average age at diagnosis among this population was 39 years ranging from a minimum of 15 to 64 years. We found that on average, it takes 120 days for MS patients in PR to receive their medication after they are diagnosed with MS.

We also evaluated common factors previously used for studying MS. These include MS subtypes, initial symptoms, family history of MS, Vitamin D deficiency; gait disturbance, smoking, working, and disability status of MS patients in PR. [Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"} present a comparison of our findings with MS patients from the US.

###### 

Comparison of multiple sclerosis characteristics between patients from US and Puerto Rico.
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MS subtypes and initial symptoms {#sec2-3_1}
--------------------------------

The most common MS subtype among patients in PR is RR 72.8%, followed by CIS MS with 14.8%, secondary progressive with 11.1%, and primary progressive with 1.2%. The number of relapses among our MS patients ranged from 0 to 7 relapses per year; with a mean of 1.684/year and a median of 1 annually.

The first symptoms presented by our group of MS patients were predominantly sensory, visual and motor symptoms. The distribution of these initial symptoms was as follows: sensory 54%, visual 33.1%, motor 28.8%, coordination 23.2%, fatigue 9.7%, memory 7.3%, depression 6.5%, urinary 4.9%, gastrointestinal 2.4%, and sexual dysfunction 1.6%, as illustrated in [Figure 2](#F2){ref-type="fig"}.
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Family history of MS {#sec2-3_2}
--------------------

One of the predisposing factors for MS is the existence of a history of MS among family members. Our study showed that 11.3% of our patients had a family history of MS. This includes either parents or siblings.

Vitamin D levels {#sec2-3_3}
----------------

Vitamin D deficiency (\<30 ng/mL) was seen in 71.7% of PR MS patients. Previous studies also have demonstrated that Puerto Ricans have low Vitamin D levels, despite the high sun exposure.\[[@ref80]\]

Gait, balance, and walking aid use {#sec2-3_4}
----------------------------------

Use of a walking aid can be an indication of the amount of disability present in an MS patient. In fact, the use of walking assistance helps to determine the EDSS in these patients. In this group of MS patients, we found that 19.5% were using a walking aid, while 4.4% had previously used walker assistance. Therefore, 76.1% of our sample of PR MS patients can be considered fully ambulatory.

Smoking {#sec2-3_5}
-------

Our study demonstrated that only 8.8% of patients are current smokers and 12.3% have a previous smoking history. Hence, a total of only 21.1% of PR patients were smokers sometime in their lifetime.

Working and disability status of patients {#sec2-3_6}
-----------------------------------------

Our analysis demonstrates that 44.3% of Puerto Rican MS patients are working, 23.7% are disabled, and 4.4% are retired. This suggests that there is a large portion of the population that is not working (55.7%) and not receiving any benefits.

Comorbidities {#sec2-3_7}
-------------

An analysis of comorbidities among our population of MS patients in PR showed that the most common condition is hypertension (18.4%). Other conditions observed that were above 10% were: asthma (13.6%), thyroid disease (12.8%), and migraine headaches (12%). [Table 2](#T2){ref-type="table"} and [Figure 3](#F3){ref-type="fig"} show the comparison of common comorbidities between MS patients from Puerto Rico and the US. To illustrate the differences when comparing the comorbidities between the two populations, we calculated the percent change for each comorbidity. As shown in [Figure 3](#F3){ref-type="fig"}, immune thrombocytopenia had the highest percent change with the value of almost 200%, given the fact, only 0.001% of the US patient had this disease versus 0.8% (*n* = 26) of Puerto Rican MS patients.

###### 

Comparison of common comorbidities between MS patients from Puerto Rico and US.
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DISCUSSION {#sec1-4}
==========

In this study, we found a distribution of 75.9% females and 24.1% males among the 325 MS patients evaluated from the Caribbean Neurological Center database. These results are consonant with the fact that MS is more prevalent in females than males. Our ratio, 3/1, differs slightly from the one reported in several studies, ranging approximately 4:1.\[[@ref22],[@ref47]\] The range for age of diagnosis was from 14 to 65 years, with a mean value of 39 years. Chinea *et* *al*. reported that in Puerto Rico the range of ages of MS in both men and women for the onset of symptoms is 20--50 years; meanwhile, the range of ages for the diagnosis is 35--54 years.\[[@ref17]\] These indicate that there were extreme values in our population.

When looking for MS subtypes percent in the United States population, RRMS had the highest percent, with 54.6% in a study that reported five different subtypes.\[[@ref83]\] Other studies undertaken in the US with only three subtypes, showed a higher percent for RRMS with 94.8, 5.2 for SPMS, and 0 for PPMS.\[[@ref32]\] Based on our findings, the most common type of MS among PR patients was RR, which is similar to the most common type among the US patients. However, the second most common MS subtype in the PR population is CIS. This finding is surprising since CIS MS tends to evolve to RR MS.

The discrepancy might be attributed to the fact that the data were collected at the moment of diagnosis. RR is characterized by a surge of symptoms followed by recuperation and stability. In both the US and PR, it is shown that the more aggressive forms of MS are less common among these population.

In terms of the first symptoms of MS that our patients presented, sensory, visual, and motor symptoms were predominant. Stoppe *et* *al*. evaluated the symptoms their patients presented in relapses, and they are similar to the initial symptoms that our patients presented. They reported: sensory 42%, motor 29.4%, and visual 24.4% in all documented relapses.\[[@ref91]\] However, it is important to note that Stoppe *et* *al*. results were from relapses and ours were the initial presenting symptoms.

The initial symptoms of our MS patients were mostly a combination of the typical common symptoms such as optic, sensory, motor, brainstem, and cerebellar signs.\[[@ref40]\] However, there were four females that presented only memory problem along with fatigue. These type of rare MS initial symptoms makes the early diagnosis of MS rather complicated. Hence, it is crucial not to disregard MS even when patient has rare combination of symptoms.

MS has not been shown to be a genetic disease, though it is common to see multiple family members suffering from MS. In fact, it has been reported that there is a 15%-- 20% risk of having a family member also affected with the disease.\[[@ref25]\] The prevalence of familial MS was estimated at 12.6% worldwide.\[[@ref34]\] In Puerto Rico, 11.3% of MS patients have at least one family member with MS. Moreover, the predisposition of, or resistance to MS, as well as the course and severity of the disease in Puerto Rican patients has been associated with specific HLA allele types. For example, HLA- DQB1\*04 is thought to be protective while HLA-DRB1\*01 was found to be the most represented allele in MS patients and related to a more benign course of the disease. Although a strong association has been reported between MS and genetic and environmental factors, no causality or correlation to the number of relapses has been established yet.\[[@ref67]\]

Analysis of Vitamin D levels is important in MS patients because it has been demonstrated to be a risk factor for developing MS.\[[@ref70]\] Higher Vitamin D levels have been associated with lower risk of MS and lower MS activity has been reported on MRI in patients with high levels of Vitamin D.\[[@ref10]\] Furthermore, a lower rate of progression of MS has been seen in patients with higher 25(OH)D.\[[@ref6]\] The low levels of Vitamin D among Puerto Rican have been suggested to be a result of high sunscreen use and the darker skin color, which is known to absorb less Vitamin D.\[[@ref18],[@ref20],[@ref48],[@ref89]\] Low levels of Vitamin D are commonly found among MS patients worldwide, and US and PR both share this characteristic. Although a higher percentage of Vitamin D deficiency was found initially, in the lab work reviewed on the first visit of PR MS patients (71.7%) compared to US patients, it is important to note that 100% of these patients underwent Vitamin D supplement therapy until reaching normal to higher Vitamin D levels. Vitamin D supplements are a common over-the-counter product available in all retail pharmacies in Puerto Rico and can be acquired without a prescription or insurance coverage. Furthermore, studies have shown popular use of Vitamin D supplements specifically in Puerto Rico's elderly female population. The cultural acceptance of vitamin supplementation could increase compliance of treatment.\[[@ref74]\] Our study showed that PR MS patients had greater number of relapses when compared to the US MS and these relapses occurred despite the fact that patients where maintaining a normal level of Vitamin D.

Moreover, in terms of walking aid use in our study, we found that 76.1% never used one while 19.5% were using assistance and 4.4% used in the past. Around 75% of MS patients will experience gait and balance problems throughout their lives.\[[@ref45],[@ref71]\] Older age, female, active spasticity and fatigue, cognitive impairment, and a greater ambulatory disability are characteristics associated with the use of assistive devices.\[[@ref58]\] Our results showed almost 24% of Puerto Rican MS patients had used walking aid. Studies of reported data in NARCOMS found that 52.2% of responders had a fall in the past 6 months.\[[@ref30]\] Therefore, it is common that many of MS patients would require a walking aid. Another study conducted in the US reported that 16% of MS patients, with higher percentage of female (F:M-71:21), used a walking aid.\[[@ref32]\] Other study using self- reported information by patients in the NARCOMS found that 16.9% Caucasian (C), 14.9% Latinos (L), and 16.2% African American (AA) had occasional use of a cane or unilateral support and compared it with 8.2%, 7.1%, and 10.1%, respectively, that use bilateral support due to severe gait disability.\[[@ref13]\]

These numbers (in both PR and US) are very low in comparison with the percentage in Australia (48%) and United Kingdom (74%) reported in the same study.\[[@ref32]\] It will be interesting in the future to investigate why is the mobility aid use so low among patients from US and PR and if it is related to social stigmatization. Furthermore, efforts have been made to assess the safety of the patient while using ambulatory aid due to an increased risk of falling associated with walking aid. This is mostly due to the fact that some patients did not receive adequate information about proper use of walking aid and fall prevention strategies.\[[@ref26]\]

Lifestyle of the patients affects the course of the diseases, and smoking is an important variable to MS progression. Our study demonstrated that the smoking status of our subjects was 78.9% never smoke, 8.8% current smokers, and 12.3% smoked in the past. Hence, a total of 21.1% of our MS patients were cigarette smokers. This is much lower than reported in the US (53.4%).\[[@ref56]\] It has been recently found that men who smoke have a higher risk of MS than women.\[[@ref7]\] According to Chinea *et* *al*., 26.4% of Puerto Rican MS patients had a current or previous history of smoking, which was very close to our findings.\[[@ref18]\] Smoking puts individuals at a higher risk of developing MS as well as causing progression of the disease among MS patients.\[[@ref23]\] In a study conducted by Hedström *et* *al*., they demonstrated that people who smoke or is exposed to second-hand smoke have increased risk of MS due to both smoking influence on HLA genotype and the pro-inflammatory effects that the irritants of tobacco have in lungs.\[[@ref35]\]

Marrie *et* *al*. reported smoking increases the risk of developing autoimmune comorbidities in MS patients (hazard ratio: 1.23; 95% CI: 1.08--1.41).\[[@ref61]\] Another study suggested that smoking should be even evaluated as a comorbidity in MS patients since they were more prompt to be smokers than the general population.\[[@ref62]\] Cessation of smoking also plays an important role in the progression of the disease. It has been reported that there is significant and time-dependent diminution in the risk of disability on those patients that stopped smoking.\[[@ref92]\]

MS can progress as a severely debilitating disease that affects the CNS causing symptoms such as fatigue, pain in multiple sites, and impairment of upper and lower limb function, among others.\[[@ref3],[@ref4],[@ref58]\] As disease progresses, it impairs physical and cognitive functions.\[[@ref87]\] Therefore, it is common to see many MS patients who are disabled or otherwise unemployed. In terms of working status among our patients, 44.3% were worked, 23.7% were disabled, and 4.4% were retired. A recent study by Smith *et* *al*. showed that 20% of MS patients in the US were working less hours, 42% were not working, and the remaining 38% were working depending on their different stages of MS and clinical presentations.\[[@ref90]\] This is important since a great number of MS patients are in early (productive) ages. Hadjigeorgiou *et* *al*. reported that 58.89% of MS patients who are employed, had been absent from work due to problems with health services.\[[@ref33]\] This means that the disease is going to carry an extra burden to the economy by taking away years of productivity that MS patients would have contributed.

Studies have shown that many patients live constantly exiting and re-entering to the workforce depending on their disease progression and the overall impact on their body functionality.\[[@ref41]\] Several studies reported that both physical limitation and cognitive impairment in MS patients can affect their future in the work force and will have an effect on work opportunities.\[[@ref69],[@ref81]\] A qualitative study in Malaysia showed that under a lot of work-related stress or pressure, the MS relapse will come faster.\[[@ref95]\] This opens the discussion for a revision on which type of work and how many hours MS patients should be working.

A study that grouped responses from Canadian and United States patients reported that employment was higher in RRMS patients (43.1%) in comparison with PPMS patients (18.1%).\[[@ref87]\] The same study by Amber Salter *et* *al*. reported that 48.5% of the responders answered that were receiving disability benefits.\[[@ref87]\] Campell *et* *al*. reported a nonadjustable mean of unemployment among MS patients of 60%, higher than the mean of 27% among nonMS population.\[[@ref14]\]

Based on our results, only 44.3% of PR MS patients were employed. Thus, we have a much lower percentage of employment among this population compared with MS patients from the US. The low employment status of the PR patients could be attributed to the Islands high unemployment rate since it is shown that only 23.7% of patients are disabled while in the US, the number is a much higher 48% disability rate.\[[@ref87]\]

It is important to acknowledge that the patients were classified as disabled if before the interview they had been granted social security benefits. Approximately 70% of the Puerto Rican applicants will be denied each year, and the process may take from 4 months up to 2 years depending on the number of denials and appeals.\[[@ref37]\] This could be a primary reason for the patients not applying for social security disability benefits and thus not being classified as disabled when interviewed.

The employment ratio by race in the US is as follows: C 47.5%, L 46.9%, and AA with 38.6%.\[[@ref41]\] Another study that discusses the major concerns of Latinos with MS in the US reported that 40--46% were dissatisfied with their jobs since they had difficulties requesting job accommodations. For instant they had problem with having the accommodation in a short period of time, requesting for assistive technology for their jobs and requesting changes in their tasks without fear of losing their job.\[[@ref85]\] This difficult process of requesting accommodation and changing their responsibilities at their job could have a negative impact on keeping their current position. Hence, health professional has an important role in guiding and helping MS patients to remain active at their work.\[[@ref72]\]

Comorbidities play an important role in the progression of MS. As the patient grows older, the more comorbidity he/ she will have. Diseases such as hypertension, diabetes, and hyperlipidemia are among the most common.\[[@ref62]\]

Comparing our results with the MS comorbidities of the US population were a bit challenging since the US data stems from different sources and include different races and ethnic groups. However, as shown in [Table 2](#T2){ref-type="table"}, it is evident that metabolic disease, such as diabetes, thyroid disease, and hyperlipidemia, is common among both groups and also seen in high percentages among both groups are hypertension. These diseases are common among the general population in both US and PR.

Diabetes {#sec2-4_1}
--------

Our result indicates that 6.4% of our MS patients had diabetes. This was slightly higher from what has been reported among MS patients in the US. In 2014 according to the Behavior and Risk Factor Surveillance System, 15.7% of Puerto Rican population were diabetic while the corresponding percentage in US was only 10.1% at that time. This shows in general, Puerto Rican has a higher risk of diabetes in comparison to US.\[[@ref88]\]

In MS patients that suffer from diabetes, the treatment cost can be greater than MS patients with any other comorbidity. This is due to the substantially higher lifetime medical expenditures associated with diabetes and preventing its health complications.\[[@ref28]\] Type 1 diabetes is genetically similar to MS and there are studies that suggest both share etiological components.\[[@ref38],[@ref68],[@ref93]\] In families with a history of autoimmune disease including MS prevalence of diabetes was found to be 0.19%--0.3%.\[[@ref9]\] In the general population of MS patients a range of 4.1%--6.1% have been found to have diabetes mellitus.\[[@ref52],[@ref64],[@ref54]\] It has been shown that both diabetes and hypertension can have direct impact in clinical findings of MS patients. For instant changes in disability, emotional state and walking ability have been associated with these comorbidities.\[[@ref21]\]

Hou *et* *al*. published a study in 2017, demonstrating a significant association between diabetes mellitus type 2 and MS incidence.\[[@ref36]\] They reported that MS patients with diabetes mellitus type 2 had higher prevalence of allergies, thyroid disease, dyslipidemia, depression, and anxiety, among others; and they had more overall visits to their physician.\[[@ref36]\]

Thyroid disorders {#sec2-4_2}
-----------------

Our result shows that 12.8% of the Puerto Rican MS patients studied had thyroid disease. On the other hand, only 4.6% of MS patients in the US were found with thyroid disorders.\[[@ref60]\] In a study done by Mattei *et* *al*., 17.7% of Puerto Ricans were found to have thyroid conditions independent of MS diagnosis, based on self-reported medically-diagnosed conditions.\[[@ref66]\] This higher rate of thyroid disease among MS patients in Puerto Rico could be due to worsening of their MS condition associated with delay in onset of MS treatment. As we discussed earlier, the more MS progress, the more patient is susceptible to other comorbidities including the thyroid-related disease.

Thyroiditis among other autoimmune diseases has been found to influence changes on the brain in MS patients.\[[@ref51]\] Good screening and treatment of thyroid diseases are vital in MS patients to avoid progression or relapses of disease.

Hyperlipidemia {#sec2-4_3}
--------------

High cholesterol was found in 37% of the US patients that reported comorbidities to the NARCOMS.\[[@ref54],[@ref64]\] Only 8% of Puerto Rican MS patient presented with hyperlipidemia. Studies have found an association between higher LDL-C (*P* = 0.006) and total cholesterol (TC) (*P* = 0.001) with an increase of T2 lesions over the past of 2 years in patients with demyelinating diseases.\[[@ref64],[@ref97]\] Therefore, it is important to asses for MS patients lipid profiles due to the association of high levels of cholesterol and inflammatory MRI activity.\[[@ref97]\]

Hypertension {#sec2-4_4}
------------

Multiple studies have reported that 8%--30.1% of MS patients in the US are suffering from hypertension.\[[@ref52],[@ref60],[@ref64]\] In comparison with these percentages, 18.4% of Puerto Rico MS patients were found to have high blood pressure. Hence, both populations seem to have hypertension as the most frequent comorbidity among their MS patients.

Migraines/headaches {#sec2-4_5}
-------------------

In a meta-analysis performed by Foley *et* *al*., the prevalence of pain due to headache was found in 42.5% (95% CI 33.2%-- 52.1%) of the patients suffering from all MS subtypes.\[[@ref31]\]

Among our patients, 12% presented with migraine headache. This is lower compared to MS patient from the US. This discrepancy could be explained by the fact that the prevalence of migraine headache is lower among PR general population compared to the US. According to a study by Miranda *et* *al*., prevalence of migraine headache among Puerto Rican was 13%. Hence, MS patients carry similar prevalence rate of migraine headache as the general population in PR.

Asthma/lung disease {#sec2-4_6}
-------------------

Pulmonary diseases are common in MS patients. A meta- analysis from Europe and North America found a range of 0.5%--25.0% for asthma and a 0.62%--2.9% range for COPD in MS patients.\[[@ref63]\] Studies performed in the US have found that a range of 5.3%--9% of the MS patients suffer from asthma and 13% suffer from any types of pulmonary disease.\[[@ref9]\] Our result shows that 13.6% of Puerto Rican MS patients had asthma/pulmonary disease which is very similar to those from the US.

Immune diseases {#sec2-4_7}
---------------

Autoimmune diseases were reported in 8.7% of the patients who responded to the 2006 questionnaire by NARCOMS in the US.\[[@ref60]\] The percent of patients suffering from arthritis has been found to have a range from 16% to 18% in the US. Other autoimmune diseases, such as Sjogren's Syndrome, have also been found among MS patients with a very low prevalence.\[[@ref5]\] In a study that evaluated the prevalence of autoimmune diseases in families with numerous members with MS as first-degree relative, 64% of the families reported at least one autoimmune disease.\[[@ref9]\] Almost 2% of our patients had autoimmune disease. According to the study conducted by Barbour *et* *al*., Puerto Ricans are found to have the highest age-adjusted prevalence of arthritis (21.8%) among other special racial and ethnics group.\[[@ref8]\] This indicates that our patient may not have been diagnosed with an autoimmune disease at the time of their MS diagnosis.

Immune thrombocytopenia {#sec2-4_8}
-----------------------

Almost 1% of our patients presented with immune thrombocytopenia. This was higher than US patients, with only 0.001%. Marrie *et* *al*. reported that Alemtuzumab, one of the medications that patients are using to treat MS, can cause immune thrombocytopenia.\[[@ref62]\] This raises the question of whether this medication is more common in PR compared to the US due to insurance companies' policy or preference for certain medication. Other possible explanation for this phenomenon is increased incidence of Zika virus infection in Puerto Rico that causes immune thrombocytopenia.\[[@ref94]\] However, more research is needed to discover the underlying reason for immune thrombocytopenia among MS patients in Puerto Rico.

Osteoporosis {#sec2-4_9}
------------

In 2007, 27.2% of the MS population in North America reported low bone mass or osteoporosis.\[[@ref57]\] Our study indicated only 1.6% of our patients had osteoporosis compared to the US with 17.5%. A possible explanation is that osteoporosis is more common among US general population hence higher percentage of MS patients in the US tends to have osteoporosis in comparison with PR patients. In a study conducted by Wright *et* *al*., using the national data they estimated that 43.4 millions of US older adults had low bone mass, and osteoporosis and most of them were non-Hispanic white women.\[[@ref98]\]

Psychiatric {#sec2-4_10}
-----------

Psychiatric disorders are common in patients suffering from MS around the world.\[[@ref75]\] Major depression is the most common psychiatric disorder among MS patient, and it is an important element for the morbidity, quality of life, mortality, and the progression of disease.\[[@ref75]\] Our result showed 6.4% of our patients suffered from depression. Buchanan *et* *al*. conducted a study in the US found that a total of 8.1% of the MS patients were diagnosed with depression.\[[@ref13]\] They reported a higher percent of African Americans (3.5%) followed by Latino patients (3.2%) and Caucasian (1.4%).\[[@ref13]\] Other studies have reported 8.4% of the MS patients interviewed, had mental disorders comorbidities.\[[@ref60]\] In studies asking for the presence of depressive symptoms in the past 12 months, 40% of the MS patients answer with positive findings.\[[@ref12],[@ref60]\] Marrie *et* *al*. pointed out that depression and anxiety disorders can be classified as comorbidity as well as a complication of MS.\[[@ref62]\] Hence, screening MS patients for depression and anxiety must be a routine process during their physician visit time.

As we mentioned earlier, on average, it takes 120 days for MS patients in PR to receive their medication after they are diagnosed with MS. Such delay in receiving medications can cause more relapses and complex comorbidities among Puerto Rican MS patients.

Consequences of delay in treatment {#sec2-4_11}
----------------------------------

Our findings showed that the number of RRMS is higher among PR MS patients in comparison with patients from the US. In terms of relapses, the values from our study ranged from 0 to 7 relapses per year; with a mean of 1.684 per year and a median of 1 annually. On the other hand, in a study conducted by Olek, the frequency of relapses among MS patients in the US was 1.27/year.\[[@ref73]\] Hence, patients from Puerto Rico had 33% higher relapse rate, in part due to the long delay in receiving their medication.

The number of relapses and neuronal disability progression in patients that are more adherent to their treatment has been reported by previous studies to be relatively lower in comparison with the patient that is not receiving treatment for any reason.\[[@ref50]\] Moreover, there is evidence that patients who are less adherent with treatment had more inpatient (hospitalizations), emergency department visits, and more severe relapses, which are important determinants of disease prognosis.\[[@ref50]\]

The benefits of early treatment of MS have been proven in multiple studies and have shown to decrease the frequency of relapses and slowing progression of the disease-related disability.\[[@ref43]\] The consequences of delay in treatment have not been reported to such extent in comparison to the benefits of early treatment for clinically diagnosed MS patients. In 2007, Kappos and Freedman started a progressive study in which they randomly placed MS patients into two different treatment groups. One group received Interferon B-1b and another group had placebo for 2 years. After 2 years, all patients received treatment and were followed up for 3 more years. After 3 years 51% of the patients that had delayed treatment developed clinically definite MS versus 37% of the patients that started early treatment.\[[@ref42]\] The study found that the delay in treatment even by only one prior event had substantial disability impact in MS patients due to subclinical neuronal damage that persisted.\[[@ref29],[@ref42]\] When comparing patients that started treatment early versus those with delayed treatment, it showed no significant difference in the MS functional composite score. However, there was a significant difference between the two groups in auditory cognitive subtest. Delayed treatment patients were found to have worst results than the early treatment patients.\[[@ref42]\] T2 brain lesions were also reduced in patients who were treated earlier with Interferon B-1b compared to those who received placebo.\[[@ref39],[@ref43]\]

In a study by Adams *et* *al*., they interviewed elderly Puerto Ricans that are living in the United States mainland. According to their study, the main reason Puerto Rican decided to stay at mainland is due to having easier access to medical services and excess reliance on medications.\[[@ref1]\] Puerto Ricans tend to have a lower level of the health-care system and economic status when compared to other Latino groups. Puerto Ricans are also known to have a greater requirement of medications approval process when compared to patients in United States.\[[@ref1]\]

Health care contributes to 20% of the Puerto Rican economy, but with the health care crisis it leads to less access to medical care and decreases health-care providers in the Island. Puerto Ricans have to pay Medicare taxes and Social Security; however, in comparison with other 50 states, they receive the least federal funding for health care.\[[@ref86]\]

Puerto Rico's medical services were even more disrupted considerably after natural disaster of Hurricane Maria in 2017. The inability to access medications has been the most frequently reported issue. In addition to treatment delays, lack of medical facilities and physicians are among other major issues that have been arising in Puerto Rico.\[[@ref44]\] Hence, it is evident that Puerto Ricans MS patients are in desperate need of better access to medications and a relief to their health care crisis.

Limitations {#sec2-4_12}
-----------

The date of treatment onset was not included in our patients' electronic medical records. Hence, to obtain such information, patients' files had to be accessed manually. Looking through paper medical files takes time specifically when there is large number of patients. We had to go through all the doctors' handwritten notes carefully to find the actual start date of initial treatment. Looking over 325 files became at times dreary which caused this part to take more time than expected. Furthermore, to ensure data were gathered correctly we had more than one person to perform the manual data collection to ensure we have obtained the correct information. If the date of onset of treatment had been in an electronic format, the gathering of such information for this research could have been achieved more efficiently.

CONCLUSION {#sec1-5}
==========

As previously mentioned, there are limited studies about MS in PR in this critical and growing patient population. However, with this study, we shed light onto the characteristics of the Puerto Rican MS patients and discussed the possible consequences of delay in receiving their medications. Patients from the Caribbean Neurological Center database that participated in this study were demographically similar to those reported in MS-related literature in terms of gender ratio, age of diagnosis, and initial symptoms. The comorbidities that were more predominant in our patients were hypertension, asthma, thyroid disease, and migraines. Immune thrombocytopenia was shown in higher rates among our patients compared to MS patients from the US. Only a few had a family history of MS and most of them reported low Vitamin D3 levels. In terms of MS subtypes, RRMS was first, followed by PRMS, SPMS, and finally by PPMS.

One of the significant issues that Puerto Rican MS patients are currently facing is the delay in receiving their medications. On average, it takes 120 days for MS patients in PR to receive their medication. Consonant with this finding, their average rate of relapse was 33% higher compared to the US. Puerto Rican patients also had a higher rate of complex comorbidities such as immune thrombocytopenia or thyroid disease which could be related to delayed treatment onset.

Insurance companies' authorization process, local pharmacy availability of the drugs and lack of knowledge about MS disease among the administrative clerks all play important factors in delaying the process of providing the MS patients with their medication. This leads to more exacerbations of their symptoms and an irreversible shift to a higher stage of the disease. Given the fact that the majority of MS medications are costly, insurance companies require specific authorizations. Many insurance companies in PR have a lengthy process in issuing authorization for MS medications.

A comprehensive medical and cost analysis need to be performed to provide the health insurance companies and corresponding government agencies with sufficient evidence that delaying these authorization processes will have negative economic consequences.

Hence, our findings serve as a stepping stone for such analysis. To conduct a comprehensive analysis, we would need to collect data from all those patients that had experienced the delay in receiving their medications. Next, we will need to obtain the total aggregated cost as the result of the exacerbations of patients' symptoms. This includes any hospital fees, doctor visit fees, and any additional medication that the patient had to purchase while waiting for the primary treatment to arrive.

Therefore, we could achieve a substantial positive impact on the economy and health-care system by utilizing proper management strategies that lead to less reliance on inpatient care while increasing access to medications at home. Such strategies will reduce the frequency and severity of MS relapses.
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